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-^'-i) METHOD AND APPARATUS FOR MONITORING 
HLtZCTROMAGNH nC RADIATION 



(71 ) We. Cr.ARKF Ch.\pm.\n Limitfo 
ffornierly known as Clarice Chapnian-Jolin 
■fhompson Limited), a British Conipanv, ol 
Victoria Works, (jateshead. CounLv Dtir- 
ham NE8 3HS, do hereby declare the inven- 
tion, for which v,e pray' that a paicni niav 
be granted to us, and the method by which 
it is to be performed, to be particuhirlv des- 
cribeci in and b\- the foil t> wing statement : - 

rhe in\ ention relates to methods of moni- 
toring electromagnetic radiation and appa- 
ratus for performing such methods particu- 
larly, though not exclusively a method and 
apparatus for tlamc monitoring. 

Known llame monitoring systems use a 
monitor head responsi\e to L'ltra Vi(4cr 
cinission from a tiame with an as^ociaLed 
electro-magnetic amphtier (^r else use a 
photo-electric t\pe (^f mpniti^r head. 

A small chaniie in flame characteristic can 
cause a change m the position of die L Itra 
\'ioIet emission thus gi\ing rise to erratic 
response (^f the >}.'stem and nhoto-eiecl ric 
devices are not able to discriminate between 
emission from a flame and backgroimd radi- 
ation. 

An object o{ the in\entic>n is lo prt^\ ide a 
method and apparatus u hicli a\ oid ^ tht\<e 
drawbacks of known s\'stems. 

A method of monitoring elect romaeneuc 
radiation according to the in\eniion com- 
prises exposing a stdiJ-state ^enuconductor 
de\ice to the radiation, feeding the output 
from the device to an integrated circuit 
amphfier. feedin^z the output from the amp- 
lifier to a trigger circuit and deriving frt^m 
the trigger circuit a warninu ov control sig- 
nal, the trigger circuit including twn tran- 
sistors and two \ariabie potentiometers bv 
which negatiN'e and positi\e base currents 
of one of the two transistors can. rcspcc- 
ti\ely be set to allow a signal to be deri\ed 



at tjiirerent ini ensii ic- of 
fion. ih: switcli-oif lew! c 
hem!! s<^ni:,'^', tiat below (he 

i^ivierabiy, the soiid-sM 
nhotv^-tran-vistor. 

Pic f e r a b 1 \ . the a ni ii i i e r 



n( miiored ra;!Ki- 
tiie apparatus 
^^Airc!t-on le\el. 



a 



has 



.ariabK 



somewhat 
liie Iir^t transistor 



ic n-m-con iUL'tuie 'o iIk 
iran<i<rrr and iiie second 
beine (}:-o\;ded to \ar\^ the current applied 
■o file rasj of tiie first iransistor to hold it 
CvMiducl mg 

One form vm' the methovl and apparatus 
for perform in -J it v. ill now be described wiih 
reference [r^ ihc drawings accompanyim: the 
provisi(mal specilicatitni. 

Figure 1 is a schematic diagram of an 
electric circuit i'or rx^rforming the metliod: 

b'igurcs 4 A to 4L are each graphs ti^ed 
dorm': -'JOng up of rlie circuit siiown in 
Figure L 

fdgures 2 and 3 .ire schematic part-dia- 
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,L:am control and is prclerabl;.- arraniicd to 45 
cij\'e prsitj\'e gam. 

.Xpparaois for peri(irmif:g the methoa 
according io the unendon comprises a solid- 
,>[ate semi-coiuiuctor device connec!cd to 
!jed its ouinut lo an integrated cii-cuit amp- 50 
lilicr which is in turn connected io feed Us 
oiUjnu to a trieeer ^.ircuu from v.iiicii a 
warnine or control system i:. derivable, the 
trigeer circuit incltidinL: tw(^ transistors and 
l^^'^o \ -.ir!:ib!e po-tciuiomeicrs bv whicli iicLja- 55 
n\e and posiu\e base cLwrent of one of the 
iwo transistors can re>pect i'- cl\ ^e ^ct lo 
allow a sienal ti^ be dei-i\ed at diii'erent in- 
U'nsa;cs oi inoniiorcd radiatum, the switcii- 
cii le\c! of the apjxiratus being 
below tile >witch-on ;e\el. 

Preferably, the base of 
i;-x'eiv-es rhe output from the amplifiei. the 
lirst po'eu' IOmeter beiri;; provided to \-ar\- 
the value of the I'cd-back ^iirrenr ilowine 
trom [h-: base of tlie first ^ra^si^^o^ while it 

emitter of the tir.^t 
potentiometer 
appl 
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grams showin^iiodifications which may be 
incorporated in the circuit of Figure 1. 

I'he circuit shown in Figure 1 comprises 
a photo-transistor IVl which tornis part oj' 
^ a moiiitor head (not shown) such as a head 
as described in our co-pendinir patent appU- 
cation No. 44100/72, Serial No. 1,425,455. 

The monitor head is external to the re- 
mainder of the circuit which would be con- 
10 rained in a cabinet (not shov.ii). 

Transistt^rs Tr5 and ^\i6 are the power 
supply transistors, and operate in conjunc- 
tion with R14 and D7 and R16 and D8 res- 
pectively, to stabilise the d.c. supply rails to 
15 ± H volts. The remainder of the power sup- 
ply consists of diodes D3 — D6 and C2 and 
C3, the transformer Tl being used to reduce 
the mains voltage to a suitable level. 

Incident elecU-omagnetic radiation falling 
20 on the base area of the phototransistor Trl 
causes it to conduct, the point A becomes 
more positive and feeds a positive signal 
into an input amplifier Al. The amplifier Al 
is an integrated-circuit amplifier and is con- 
25 nected to have a positive gain (i.e. input and 
output move in the same direction), the gain 
beinc; determined by R3, R4 and the setting 
of VRl, the SET-GAIN potentiometer. 
The output of the amplifier Al feeds the 
30 point B, which can be regarded as a sum- 
ming junction, for the several different feed- 
backs connected around the pair of tran- 
sistors Tr2 and Tr3, which form a trigger 
circuit. 

35 Initially Tr2 is non-conducting and so Tr3 
conducts. There is no voltage across the 
potentiometer VR3. The only feedback is 
via Rll, being a negative current flowing 
from the base of Tr2. The value of this base 
40 current can be set by another potentiometer 
Vr2, the SET-POINT potentiometer. 

As Tr2 is an n-p-n transistor, this nega- 
tive base current tends to hold the transistor 
Tr2 non conducting. The diode Dl is used 
45 to protect the base junction from excessive 
negative voltages. 

As the output from the amplifier Al goes 
more positive, corresponding to increased 
intensity of radiation on Trl current is 
50 driven through R6 and into the base of Tr2. 
The currents through R6 and Rll uUimately 
balance each other and no current^ then 
passes to the base of Tr2, which still re- 
mains non-conducting. If the amplifier out- 
55 put then goes very slightly positive the nett 
current at" point B will be positive and will 
cause Tr2 to conduct. 

This causes Tr3 to stop conducting and 
two results follow. 
60 Firstly, Tr4 is caused to conduct via R15, 
so energising the relay RLl. Secondly, a 
voltage is applied across VR3, the SET 
HYSTERESIS potentiometer, which then 
passes a positive current through RIO to 



2, causing it to continue to 6r» 



the base 
conduct. 

If the amplifier output voltage nov/ re- 
duces to slightly bclov/ tlie sv/ itch-on level, 
Tr2 continues to conduct. Adjustment " of 
VR3 varies the hold-on current flov/ing into "0 
the base of Tr2. 

For Tr2 to cease conducting the amplifier 
output voltage n-ust fall low enough for 
some of the hysteresis current to be ab- 
sorbed by the amplifier Al and ultimately 7^ 
there will be insulTicient base current to hold 
Tr2 conducting, and the relay RLl will de- 
energise. The voltage across VR3 disappears 
as Tr3 ceases to conduct and the circuit re- 
turns to the original state. 80 
, R7 applies a fixed degree hysteresis to the 
system, and R5, R12 and R13 limit the 
effects of the three potentiometers. Lamps 
LPl and LP2 give a visible indication of 
the position of the relay RLl. 85 

Further relay contacts RLl -2 and RLl -3 
are connected in circuits (not shown) con- 
trolling the supply of fuel to the burner 
monitored by Trl and giving further alarms 
as desired. 90 

The values of the components show^n in 
Figure I are tabulated belov/. 

The phototransistor in a modification may 
be of the kind available from the Mullard 
Company under code BPX 70/72; or from 95 
the Texas Company under code TlX 51/2/ 
3; or may be a photo-diode of the 
kind available from the Motorola Companv 
under code MRD 3050 to 3056 or MRD 500 
but the circuit may need modification in 100 
other respects to suit such other semi-con- 
ductor devices. 

Other modifications are shown in Figures 
2 and 3. 

'^In Figure 2 additional diodes D9, DIO 105 
additional capacitor C4 and additional 
potentiometer VR4 are shown associated 
with the amplifier Al so as to provide a 
variable time delay which enables the relay 
RLl to be held energised under conditions 110 
of fluctuating intensity of incident radiation, 
such as v/here a fiame being monitored is 
nickering. 

The values of D9, DIO, C4 and VR4 are 
not given as they would be chosen to suit 1 1 :> 
the delay required. Values of other compon- 
ents might need to be altered to suit this 
modification. 

Figure 3 shows another modification in 
which the relay RLl is driven by an addi- 120 
tional transistor Tr7, further components 
R17, C5 and Dll also being provided. Tiiis 



m.odification also allows a variable delay to 
be applied for example, a long delay of 25 
to 30 seconds to enable the relay RLl to be 
held energised under conditions of fiuctua- 
ting intensity of monitored radiation. The 
values of the ct^nponents are not given for 
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lhi> nivxiilicarir n as ihcy 
to suit I he dcla\- roqiiircvl. 

The niodihcatitMis shov. n in Fi_;Ljrc^ 
3 :ui[\ iv use;.I separately or tnyetiier. 
. The nvethcd of usinL: ihc eirenit .sli.v,vn in 



ana 



FiLiure 1 wiW 



be Jeserii.TCu 



oi a Ikinic 



o: a hurfier in a 



to nioriitorine 
boiler pi a [it. 

Before the circuit is set li^i. the monitor 
head niot shewn) oi v.hieh die ::-h.^tv*ir..ipe^- 
lor dVl forms part is posidoned and the out- 
put \-oltage from it is re:id on a nuter uhen 
die ilanie to he meuii'a>red is burning eor- 
reetl}'. If neees,-ary the monitor head ean be 
rntn-ed to diil'er:nt po^^itions to establish uni- 
form of reading. 

■\t a seleeted position and orientation of 
the monitor head, the burner i^ >-bait down 
(i.e. no Ha me present) and die \ oil age read- 
ing is taken ^o as to deri\e a nieasure of the 
bae kg round radiation. 

Hxperienee allows one or e^tlier of the 
eharacteristies shown in Figures 4A to 4E 
to be selected as suitable \or the particular 
llame concerned. Each characteristic corres- 
ponds to a panicular \'alue of settina on the 
SHT POINT potentiometer VR2 and this 
is now adjusted accordin^K. 

File corresponding characteristic (suppose 
ii is that shown in Figure 4Di is non' used as 
folUvAs: Gam-setting \alue^ are set out 
along the \'ertical base line and input \olt- 
age ^'akies are set out alone the horizontal 
base hue. .At the \ olrage reading c(ures- 
pondinii to llame full or (iibtamed earlier) 
(suppose it was l.S volts) tliere is i\ ct^rres- 
ponding gain- setting given by the intersec- 
tion of the vertical at 1.8 \olts with the re- 
lay energisation curve RC. In Figure 4D 
this is a gain setting of value 3. Tiie next 
liigher value 4 is ehosen and VRl i> ad- 
justed accord ir;glv. 

Fills ensure^ that the ^iLmal from the 
monitor iiead at full tlame i> higher than 
the level requiied to energise t'le relav RFl. 

Next. (Ml the same characteristic sheet of 
F:gure 4D the vertical through the input 
voltage corresponding to dame out (suppose 
it was 6k4 vo'ts) is seen to intersect the lu>ri- 
/(-ntal through the value of gain setting pre- 
vioush fotmd (4) at a point almost exactly 
on a broken line Fl-IO beini one of a series 
H-10. IFS, H-o. FI-4. H-2 and H-0. 

These lines are h\steresi,> setting charac- 
teristics. File next characterisiic to the right 
is chosen (H-S) and the potentiometer V'R? 
is adjusted accv^rdinglv' to give thi-; setting. 

This ensures that tlie signal from any 
background radiation is le^s than that neces- 
<arv to maintain the relav' RLl energised. 

The c ire tut described above provides a 
ereath- improved performance compared 
with known s\ stems. It prov ides eonirvds 
aditist ; - 

ii) the \aiue of radiation mtensitv at 



whi.'h the rela\ enPIKes (\'R2 with 
V\l\) 

(ii) the vahic of ravliation iuiefivjis be- 
\ow which thu reliv de-ener^'iscs 
(VR3 widi VRl) ' " 70 

Mil) the gain of the anipktier <\d\!:; 

With given settings for tb.v cont r^>K as 
given by way of exar^iple .tbv \ die l ekiv 
Rl remains energ!^ed i)!0\ided the inkn-ltv 
of radiation falling on the ba>..' o\' Trl re- 
mains .^bove the sele^aed eiieri^'iscuiun point 
for the relay, d'he lamp I P: r> illuminated 
at this time. Variation in intensity sueh as 
arises when a monitored llame llickers. will 
not alleet the relay so long as the variation ^0 
does not cause a fall in intensity below the 
;)re--elected value. 

\'i the intensity of radiation falls below 
that pre-seiected value, the rela_v de-ener- 
gises and contact RLl- 1 moves to the left 'S5 
and lamp r,Pl is illuminated. 

Omtacts RLl-1 and RFF3 also move to 
the riglu to change the state of other cir- 
cuits; for example, in the case of ilame 
monitoring to cause closure of a fuel valve ^^0 
suppKing the tlame bemg monitored and to 
.s^nmd an audible alarm. 

As shown in Figure L the hvsiercsis is set 
by \1^3 and by the fixed resistor R7. 

The ^\set point" selected by VR2 dictates 05 
the vahie io which the incident intensity 
must rise (following de-enerizisation of tlte 
relav ) before the relav energises again. The 
set hvsteresis selected by V'R3 dictates the 
width of the band over which the relav 100 
operates. 

The modification described with reference 
to Figure 2 enables an integrating type of 
delav' to be added to the circuit so that, 
where the intensity falls just below the point 105 
set for de-energisation of the relay but in- 
^Tea>cs again within the time delav peritvi 
to above the pre -selected valtie, the relay 
remains eneriiised. 

Such a taciiity is useful in certain condi- 110 
tions sticlt as where a tlame is subject to 
partictilar ilickering modes. 

The circuit modification described with 
reference to Figure 3 allows a ftirtlier or al- 
ternative delay facilitv to be introdticed to 115 
cope v\ith intensitv variations of relatively 
long period. 

Idle circuit as shown in Figure 1 has a 
hxed time delay dictated by the values of 
the components C\ and asstvdated resistors 120 
and this can be chosen to give a fixed time 
delay cmipauble with the radiation source 
be in*: moniiorc.k beiiM a sotirce not subject 
to tluciuations of intensits' of such magni- 
tude or frequencv- that demand the measures 125 
demonstrated in Figure 2 and 3. 

Idle photi^-iraiisistor dehned below in the 
list of com [lone nr vahies is a lensed device 
and it has a ^datively Id^h sensitivitv. As 
an alternative it is pt^ssibl? to use a device 1 3t) 
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which has T^Tlain window instead of a lens 
fsuch for example as a photo-transistor of 
the kind available from the Milliard Com- 
pany under code BPX29, a device similar 
5 to the lensed device qiunod belov/ in the 
component value list). 

With such a modiricai-ioa tlu^ gain of the 
amplifier A I could be increased many times 
to give the equivalent output by altcraticm 
10 of the \'alues of the components associated 
with the amplifier Al. This variation v.ould 
sive rise to further scope for selection of the 
optimum response characteristics of the 
overall system. 
15 A further modification (not shown) con- 
sists in replacing the electro mechanical re- 
lay RLl with an array of thyristors associ- 
ated with a transistor used to provide ener- 
gisation 01 lamps and to provide any neces- 
20 sary control for operation of valve or other 
fuel control mechanism, as required for ex- 
ample in the case of flame monitoring in 
boiler plant. 

Such a modification enables the whole 
25 of the circuit show^n in Figure 1 to rely only 
on solid-state components which can be an 
important practical consideration for h<iiler 
plant applications. 



The inveTition is not limited to monitor- 
ing of names. 30 

For example, the system may be applied 
to monitoring the radiation from a fixed 
source, the radiation traversing smoke 
emitted by a chimney, 

Alternafi'^My, the system may be applied 35 
to monitoring the operation of a valve, using 
a fixed source in a mannci- similar to that 
for smt>ke nu^nitoring. Several valves in line 
could be monitt^red by a single radiation 
source and monitor head arranged at op- 40 
posite ends of the line of valves.^ 

Figures 4A. 4B, 4C & 4E are similar to 
Figure 4D referred to in detail above and 
the parameters are plotted along the coor- 
dinates in an exactly similar manner in all 45 
the Figure 4 graphs. The characteristics 
bhov/n correspond to those in Figure 4D, the 
chain dotted characteristic having references 
with prefixes A, B, C or E before the res- 
pective references used in Figure 4D and 50 
the solid line characteristic also havinfi the 
prelix A, B. C or E before its reference, 
which otherwise is the same as the refer- 
ence used for the solid line characteristic in 
Figure 4D. 55 
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RESISTORS (ALL \ W.ATT 10^^,) 



60 



65 



70 



75 



80 



Rl 

R2 

R3 

R4 

R5 

R6 

R7 

R8 

R^ 

RIO 

Rll 

R12 

R13 

R14 

R15 

R16 

VRl 



^ VR3 



560 R 
100 K 
100 K 
100 K 
1 K 
10 K 
10 K 
1 K 
100 K 
10 K 



10 
2.2 
2,2 

1 

1 



K 
K 
K 
K 
K 
K 



TRANSISTORS 

TRl 

TR2 

TR3 

TR4 

TR5 

TR6 



lOK IW Wire-Wound 



BPX 25 

BC107 

BC107 

2N3704 

2N3704 

2N3702 



Radiospares 



Mullard 

Newmarket 

Newmarket 

Newmarket 

Newmarket 

Newmarket 
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DIODES 
Dl — D6 
D7, D8 



1N4001 

BZY88. C8V2 



Radiospares 
Radiospares 
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CAPACITORS 

CI 4.7 uF 63V 

C2, C3 1000 uF 15V 



Radiospares 
Radiospares 
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RELAY RL 
MK 3? 
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AMPLLFIER A I 

741c 

TRANSrORMI R 11 

1 lOV py l(}V-0\'-l()V' S\ 

WHAT \VL CLAIM JS: 

1. A method oi nuniiitM iii^ eL\ t i ^ 
netic raJicition coniprjsiiiu cxpoNiiiLz :i >olid- 
:-,[ate scmi-oonductor device to the 7:idiation. 
leediriL: the otupiit from the de\ ice to an 
integrated circuit amphher, i ceding the om- 
pui from the amphfier to a trigger circuit 
and deri\inL: from the tnizger cirJuit a warn- 
ing or ctmtrol signal, the trigger circuit in- 
chiding tu'o transistors and two \ariabL^ 
potentiometers by which negaiisc and posi- 
tive base currents of one of the two Iran- 
:>istors can. respectively, he set to allow a 
signal to be derived at ditferent mteriMties 
of monitored radiation, the switch-off level 
of the apparatus being ^oivicwhai below die 
> witch-on level. 

2. A method according to ciaim 1. in 
which the radiation is derived from a tlame 
produced by a burner in a boiler plant. 

3. -A method according to claim 1, in 
which the radiation is deriwd from a fixed 
source and tra^e^ses the emission from .i 
Lhimney. 

4. A method according lo ctaim 1. m 
which the radiation is derived \rnm a tixed 
source arranged at one side of a \ aKc. the 
Ncmi-conductor device being arranged at the 
opf^osite side of the vahe. 

5. A method according to claitn 4. in 
vdiich several valves in Ime are arranged b^-- 
tween the source and the semi-C(Miductor ile- 
\ ice. 

6. A method according to any [:)recedin'j 
claim, in which the semi-conductor device i^ 
a phoio-iransistor . 

7. A method according to an\ [^receding 
claim, in which the amplitier has variable 
gain control. 

8. A method according to an\ precediuL' 
claim, in which the amplifier has positive 
gain. 

^\ Apparattis for performing the method 
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Om ron 
Radiospares 

RadioNpa re.s 

a^coidmg to any preceding claim, compris- 
ing a solid-state scuu-condu^'tor device con- 
nected lo feed its c-utptit to an integrated 
circtut amplitier wiiich is in turn connected 
to feed it;, otUptU to a trigger circuit from 
wldvh a warning or ciHitroi >ignal is deriv- 
able, the trigger circuit ineiuding two tran- 
si-NtoTb and two variable poteni lometers b\- 
which negative and positive base currents 
o\ one o[ I he two transistors can. respec- 
livciv. be ^et alUnv a signal lo be derived 
at dilferent lnlensi^ie^ of monitored radia- 
ram. (he switch-otf bvcl of the apparatus 
being >omewhat belvwv the switch-on level. 

10. .Af;>paratus according to claim in 
wluch the bLise of the first transistor receives 
the t nun ut from the am pi i her, a hrsi of the 
two noteniiometers being prtnided to varv' 
die value of the fed -hack current [lowing 
from die base of the first transistt^r while 
It IS non-conducting tlie emitter of the 
fiist transistor, and the second potentiometer 
bemg provided to \arv the ctirrent applied 
to the base of the iir^l transistor to hold it 
conducting. 

11. .\ method of monitoring electromag- 
lu-ti,: ladiation substantially as hereinbefore 
J escribed with reference to Figtire 1 o\ the 
drawings accompanving the provisional 
■.pecilication. 

13. A metiiod according to claim 11. but 
nodilied substantiallv as hereinbefore des- 
e rifled witli reference to Figtire 2 of the 
dravsings accompanying the provisional 
^pecilicaiam. 

13. A method according to claim li, or 
vlaini 13. but modified substantially as here- 
m be fore des^-ribed with reference to Figure 

o\ the drawings a^-companving the provi- 
Mcaial ^peciiication. 

ROBERT J. CrMMINGS. 
Chartered Patent Agent, 
Agent for the Appiicant^. 

by Burgess ^: Son ( AlMp^xion). Ltd. -WTd. 
impton Buildinys, London, \\ C2A I W 
may be obtained. 
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